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摘 要 
秋茄和桐花树是福建省内中分布最广的两种红树植物，富含丰富的生物活
性物质：酚类、萜类、多糖、生物碱、脂肪酸、甾醇等，民间将其作为药物使用。
酚酸为酚类物质中重要的一类，主要通过莽草酸途径生成，在谷物、蔬菜、水果、
茶中一般以游离或与其它物质形成酯键、糖苷键等形式存在，具有抗氧化、抗肿
瘤、抗病毒、抗炎等特性。近年来，对酚酸物质的存在形式的研究逐渐成为新的
热点，研究表明红树植物中物质的存在形式与极端条件下的抗压有很大的关系，
因此，研究秋茄、桐花树中不同形式的酚酸及其生物活性对于更好的了解及开发
红树植物有重要的意义。 
本论文以秋茄和桐花树为研究对象，从其不同部位（茎、树叶、果实）中
提取出了游离、可溶酯化、可溶糖苷和不溶束缚四种存在形式的酚酸类物质，测
定其总酚含量，并对四种形式酚酸物质中酚酸的组成和分布进行了研究。结果表
明：秋茄和桐花树的游离、可溶酯化、可溶糖苷和不溶束缚四种存在形式的酚酸
的总酚含量在 2.51~7.21, 2.72~10.54, 2.10~12.05 和 1.43~11.10 mg GAE/g DW 
范围内波动；不同存在形式的酚酸的单酚酸组成和含量在秋茄和桐花树不同部位
均存在差异，其中秋茄茎、树叶和果实中游离形式的绿原酸含量突出，而桐花树
茎和树叶中酯化形式的没食子酸含量最高。 
从肿瘤化学预防角度，本论文采用 DPPH 分析、ABTS 分析、FRAP 分析、
DNA 氧化损伤保护不同的抗氧化活性评价体系评价了不同存在形式的酚酸抗氧
化活性，并分析了总酚与抗氧化能力的相关性，研究了不同存在形式的酚酸对亚
硝酸盐、肝癌细胞 SMMC-7721 和小鼠黑色素瘤细胞 B16 影响。结果表明，秋茄
树叶中四种存在形式的酚酸的抗氧化能力以可溶糖苷 >可溶酯化 > 游离 >不
溶束缚的顺序递减，而茎中则表现出完全相反的趋势，即不溶束缚 > 游离 > 可
溶酯化 > 可溶糖苷，秋茄果实中抗氧化活性最强的酚酸为可溶糖苷化酚酸，桐
花树茎和树叶均为可溶酯化酚酸，与其对应的总酚含量最高一致；不管是秋茄还
是桐花树，各部分酚酸抗氧化活性均与其总酚含量均呈显著正相关；秋茄树叶、
茎和果实的不同存在形式的酚酸（1 mg/mL）对 DNA 氧化损伤的保护率在 36.36
±3.85 %~56.44±1.54 %范围内变动，而桐花树树叶和茎的四种酚酸（1 mg/mL）
的保护率在 45.05±4.26 %~71.06±3.40 %范围内变动；与 VE 比较，在模拟的胃
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液 A、B 中，不同形式的酚酸能有效清除亚硝酸盐，在胃液 A 中清除效果普遍
优于胃液 B；对肝癌细胞 SMMC-7721 抑制作用较强的酚酸为秋茄茎游离、酯化、
糖苷化酚酸和秋茄树叶酯化、糖苷化酚酸， IC50 分别为 234.88±18.17、 
176.69±12.75、215.12±23.16、145.12±13.45 和 125.25±20.27 μg/mL，桐花树茎和
树叶的酯化、糖苷化酚酸均对小鼠黑色素瘤细胞 B16 有较强的抑制作用，IC50
分别为 208.32±23.26、105.26±5.33 和 252.33±7.26 和 299.13±10.96 μg/mL。 
本论文进一步研究了不同存在形式的酚酸对蘑菇酪氨酸酶单酚酶和二酚酶
的影响。首先，对蘑菇酪氨酸酶单酚酶活性测定，结果表明秋茄树叶的糖苷化酚
酸、果实的酯化酚酸对蘑菇酪氨酸酶单酚酶有抑制作用，秋茄树叶和茎的其它不
同存在形式的酚酸和果实的游离酚酸均为激活作用。桐花树树叶和茎四种存在形
式酚酸都造成了酶活不同程度的下降，树叶游离酚酸的 IC50 值为 39.24 μg/mL，
茎不溶束缚、游离、酯化和糖苷化酚酸 IC50 值分别为 72.25、93.31、99.72 和 117.05 
μg/mL。其次，对蘑菇酪氨酸酶二酚酶活性测定，结果表明有抑制作用且能达到
IC50值的为秋茄树叶、茎和桐花树茎的游离酚酸，IC50值分别为 95.34±4.21、96.26
±5.07 μg/mL、71.68±1.09 μg/mL。 
 综上，通过本论文的研究，对红树植物秋茄、桐花树酚酸类物质在极端条
件下存在形式，含量及其肿瘤化学预防作用和对酪氨酸酶的影响有了更深层次的
了解，为进一步开发利用红树植物提供理论依据。 
 
关键词：红树林植物；秋茄；桐花树；酚酸 
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Abstract 
Kandelia obovata Sheue, Liu & Yong and Aegiceras corniculatum (Linn.) 
Blanco, two most widely distributed species of mangrove plants in Fujian Province, 
contain phenolics, terpenes, polysaccharides, alkaloids, fatty acids, stetols et al for 
which used as folk medicine. The phenolic acids is one kind of phenolics, mainly 
derived from shikimic acid metabolism. Cereal grains, vegetables, fruits and tea 
usually have most of their phenolic acids in the free form or form ester and glycoside 
linkages with other components. Phenolic acids display strong bioactivities such as 
antioxidant, anticancer, antivirus and anti-inflammation et al. Recently, research on 
the form of phenolic acids are becoming hotspots. Many studies showed that the 
forms of compounds in mangrove plants are related to fighting for extreme stresses. 
Thereby, study on different forms of phenolic acids and their biological activities in 
Ko and Ac has important significance for better understanding and development of 
mangrove plants. 
In this research, four different forms of phenolic acids were extracted from stem, 
leaves and fruits, namely free, solubly esterified, solubly glycosided and 
insoluble-bound phenolic acids. The total phenolic contents, the composition and 
distribution of four forms of phenolic acids were all determined. The results showed 
that the TPC of free, esterified, glycosided and insoluble-bound parts were in the 
ranges of 2.51~7.21, 2.72~10.54, 2.10~12.05 and 1.43~11.10 mg GAE/g DW; The 
composition and content distribution of four forms of phenolic acids and their 
antioxidant activity are various in different parts of Ko and Ac. It is rather remarkable 
that chlorogenic acid was the principal phenolic acid in free form in all parts of Ko 
while gallic acid was principal phenolic acid in esterified form in stem and leaves of 
Ac.  
From the perspective of tumor prevention, the antioxidant activity of phenolic 
acids in different forms was evaluated by different methods (DPPH analysis, ABTS 
analysis, FRAP analysis, Protection effects on DNA breakage) and the correlation 
analysis between TPC and antioxidant activity was also assessed. Meanwhile, 
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different forms of phenolic acids were studied for their effects on nitrite, proliferation 
of human hepatocarcinoma SMMC-7721 cells and murine B16 melanoma cells. The 
results showed that antioxidant activity of four forms of phenolic acids in leaves of Ko 
was all in the decreasing order of glycosided > esterified > free > insoluble-bound and 
completely opposite trend was found in the stem, namely insoluble-bound > free > 
esterified > glycosided. The strongest antioxidant activity in the fruits of Ko was 
glycosided phenolic acids while in the stem and leaves were esterified phenolic acids 
which were all in agreement with their total phenolic contents; Whether Ko or Ac, it’s 
easy to observe that TPC was highly positively correlated to antioxidant activity; The 
protective rates of phenolic acids in different forms of leaves, stems and fruits of Ko 
on supercoiled plasmid DNA breakage were in the range of 
36.36±3.85 %~56.44±1.54 %, while 45.05±4.26 %~71.06±3.40 % in leaves and stems 
of Ac; Comparing with VE, four forms of phenolic acids had strong capabilities of 
eliminating nitrite in simulated human gastric juice A and B and the capability in 
gastric juice A is generally better than gastric juice B; Free, esterified, glycosided 
phenolic acids in stem and esterified, glycosided phenolic acids in leaves of Ko have 
strong inhibitory effect on SMMC-7721 cells, the IC50 values were 234.88±18.17、
176.69±12.75、 215.12±23.16、 145.12±13.45 and 125.25±20.27 μg/mL, respectively. 
Meanwhile, esterified and glycosided phenolic acids in stem and leaves of Ac have 
strong inhibitory effect on B16 melanoma cells, the IC50 values were 208.32±23.26、
105.26±5.33, 52.33±7.26 and 299.13±10.96 μg/mL, respectively. 
The effects of different forms of phenolic acids on mushroom tyrosinase were 
further studied. Firstly，the monophenolase acticity of mushroom tyrosinase was 
determined and it was found that glycosided phenolic acids in leaves and esterified 
phenolic acids in fruits of Ko could inhibite it while other forms of phenolic acids in 
stem and leaves and free phenolic acids in fruits of Ko could activate it. Four forms of 
phenolic acids in stem and leaves of Ac all resulted in a decrease in diphenolase 
activity. The IC50 values of free phenolic acids in leaves was 39.24 μg/mL and of 
insoluble-bound, free, esterified, glycosided were 72.25、93.31、99.72 and 117.05 
μg/mL, respectively. Secondly, the determination of diphenolase activity showed that 
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